C linically significant depression often occurs in the context of medical illness. It is present in one of every four patients with diabetes (1), is highly recurrent (2) , and imposes additional risks of poor diabetes self-care, hyperglycemia (3), diabetes complications (4), and death (5) . Randomized controlled trials demonstrate the efficacy of pharmacotherapy (6 -8) , cognitive behavior therapy (CBT) (9) , and stepped, collaborative care treatments (10) for major depressive disorder (MDD) in patients with diabetes. Relief of depression symptoms, however, often is incomplete and leaves the patient at risk of relapse or recurrence of MDD. Improvement in mood is associated with improvement in glycemic control in many but not all of these trials. Small depression treatment effects limit the ability to study this question, and this has fueled interest in efforts to improve the potency of depression treatment.
Research to identify predictors of response to antidepressant treatment in psychiatric samples has been inconclusive. Methodological issues including small sample size, sample heterogeneity, variable definitions of depression treatment response, inadequate diagnostic specificity, and suboptimal statistical methods have limited the reproducibility and generalizability of previous findings (11) . Research of this kind in individuals with diabetes is scant. In a controlled trial of CBT for MDD in 42 adults with type 2 diabetes, Lustman et al. (12) found that factors pertaining to diabetes management (poor adherence to glucose monitoring instructions) and severity (higher glycosylated hemoglobin levels, presence of diabetes complications) were independent predictors of poor treatment outcome.
Recent antidepressant trials in nondiabetic samples suggest that up to 70% of patients do not respond adequately to initial pharmacotherapy (13) . Similarly, the prognosis of depression in diabetes samples is guarded, even following successful treatment. Of those who achieve recovery, one-third suffer a recurrence within a year (8) and Ͻ10% remain depression free for 5 years (2). As a step toward the goal of improving depression treatment outcome, the aim of the present study was to identify the rates and predictors of initial response to antidepressant pharmacotherapy in people with diabetes.
RESEARCH DESIGN AND
METHODS -This report presents a secondary analysis of acute-phase data aggregated from two previously published treatment trials of pharmacotherapy for MDD in adults with diabetes. The purpose, design, and findings from these two studies are described in detail elsewhere (8, 14) and are summarized here. The first study was a multicenter, randomized, placebo-controlled trial of sertraline for prevention of MDD recurrence in adults with type 1 or type 2 diabetes (8). Collaborating sites included Washington University in St. Louis, the University of Arizona in Tucson, and the University of Washington in Seattle. The second study was a single-site (Washington University in St. Louis) trial of bupropion for MDD in adults with type 2 diabetes (14) . Inclusion in the aggregate analysis was limited to patients with type 2 diabetes, as the bupropion trial had included only those patients and excluded those with type 1 diabetes. Open treatment with antidepressant medication was provided to subjects in both studies during the initial (acute) phase, the goal of acute treatment being induction of depression remission. Written informed consent was obtained from all subjects before evaluation, and the institutional review board at each participating site reviewed and approved the trials. Both studies were two-phase depression treatment trials that included an acute (induction) and maintenance phase. Analysis and discussion in the current report is based upon the acute-phase findings. The length of the acute phase was 16 weeks for the sertraline trial and 10 weeks for the bupropion trial.
The two studies utilized similar eligibility criteria and enrolled patients who were aged 18 -80 years, had diagnoses of type 1 or type 2 diabetes and MDD, and had depression symptoms of at least moderate severity, as indicated by a total score of Ͼ14 on the Beck Depression Inventory (version I) (BDI) (15) . Patients were excluded from participation if they had active suicidal or homicidal ideation, a prior suicide attempt, current substance abuse, a history of psychotic or bipolar disorder, or a contraindication to the study medication.
Assessment and monitoring during treatment
The presence of MDD was determined by structured psychiatric interview and conformed to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria (16) . The BDI (15) and Hamilton Depression Rating Scale (HDRS) (17) were used to assess the severity of depression symptoms. Demographic information (age, sex, race, marital status, and education level), history of depression treatment, family history of depression, and diabetes characteristics (age of onset, method of treatment, and the presence of diabetes complications including neuropathy, retinopathy, nephropathy, hyperlipidemia, and atherosclerosis [coronary artery disease, cerebrovascular disease, peripheral vascular disease]) were obtained using a combination of patient self-report, physical exam, and a review of clinical records.
Eligible, consenting participants were enrolled and open treatment with a standardized dosage of antidepressant medication (50 mg/day for sertraline and 150 mg/day for bupropion) was initiated following completion of the baseline evaluation. The dosage was adjusted biweekly (to a maximum of 200 mg/day for sertraline and 450 mg/day for bupropion) depending on clinical response and adverse events. Patients taking an antidepressant at the time of study enrollment were tapered off the medication over an interval of Յ2 weeks while sertraline or bupropion was introduced.
Patients were seen every 2 weeks at office visits. The BDI and HDRS were administered at each visit. Glycemic control (A1C) (18) was measured at baseline and the end of the acute phase. Health-related quality of life was assessed at these points with the Short Form-36 Health Survey (SF-36) (19) . The SF-36 includes a subscale that measures the severity and impact of bodily pain.
Definitions of treatment outcome
Rates of response were calculated according to the intention-to-treat principle and to conventional depression treatment outcome descriptors (improvement, response, partial remission, and full remission). Definitions of these outcomes were made in accordance with the DSM-IV section on episode specifiers for mood disorders (16) and operational criteria recommendations by Riso et al. (20) and the American College of Neuropsychopharmacology Task Force on Conceptualizing Response and Remission in MDD (21) . Response was defined as a Ն50% reduction in BDI total score from baseline to the end of the acute phase. Partial remission was defined as a BDI score of Յ9 at the end of the acute phase. Full remission was defined as a BDI score of Յ9 for a period of 4 weeks prior to the end of the acute phase. No improvement categorized those whose depression severity did not change or worsened during the course of treatment and was defined as an end of acute phase BDI score Ն100% of the baseline BDI score. The categories are not mutually exclusive; a given patient may meet criteria for any one, any combination, or all four favorable outcomes. For example, a patient having a BDI score of 15 at entry and 8 at the end of acute phase (with that degree of improvement limited to the preceding 2 weeks) would meet criteria for improvement and partial remission.
Statistical analysis
Logistic regression analysis was used to determine significant (P Յ 0.05) predictors of poor depression treatment outcome (i.e., no improvement, nonresponse, nonpartial remission, and nonfull remission) in order to identify factors that might themselves be targets of intervention. Candidate predictors were derived from the depression treatment literature in diabetes (12) and psychiatric samples (11) . A correlational matrix was constructed to identify highly correlated (r Ն 0.40) variables; in one instance when this occurred (baseline BDI and HDRS total scores, r ϭ 0.59), initial BDI (iBDI) was included in the main regression model. The final model included demographic (age, race, and sex), depression (treatment type [sertraline versus bupropion], iBDI, and family history of depression), and diabetes (A1C, presence of any diabetes complications) variables. While the study lacked the statistical power to parse the unique contribution of each diabetes complication to depression treatment outcome, the presence of increasing complications is a proxy for severity of symptomatic diabetes. An "Enter" method was used for the variable input in all regression analyses. For those patients who dropped out before completing the acute phase, a last-observation-carried-forward method was used. Positive predictive values for nonremission and nonimprovement were calculated as the proportion of true positives over the sum of true positives plus false-positives.
A logistic regression analysis was also performed in the subgroup (n ϭ 267) with data on pain severity and impact (SF-36 bodily pain scale score), sleep dysfunction (aggregate score from the three HDRS sleep questions), and self-reported history of depression treatment. This subgroup analysis added the variables of pain, sleep, and prior depression treatment to those used in the main model to determine additional predictors of poor treatment outcome. The cumulative contribution of any eDC, younger age (Ͻ50 years), and higher iBDI score (Ͼ23) on the predictive value of nonimprovement and nonremission was examined (Fig. 1) . With an increasing number of these features, the likelihood of poor depression treatment outcome increased linearly. Whereas patients with none of the features had Ͻ25% likelihood of failing depression treatment, subjects with any one feature had a nearly 50% chance of not remitting. Patients with all three features were at the highest risk of poor treatment outcome as 68% of them did not remit, and nearly 20% did not improve.
RESULTS

Subgroup analysis
Logistic regression analysis was performed in the subgroup (n ϭ 267) with data on pain severity and impact, sleep dysfunction, and prior depression treatment. Of these three factors, higher pain scores emerged as the only significant predictor, and it predicted three of four measures of poor outcome: nonresponse (OR 1.18 [95% CI 1.04 -1.35]; P ϭ 0.009), nonpartial remission (1.23 [1.08 -1.39]; P ϭ 0.001), and nonremission (1.25 [1.11-1.42]; P Ͻ 0.001). The other predictors found in the main analysis remained the same for the subgroup, except that younger age was no longer significant in the nonresponse and nonfull remission models.
CONCLUSIONS -The primary purpose of this study was to identify predictors of initial depression treatment outcome in patients with type 2 diabetes, information that could help clinicians identify and manage those at greatest risk of nonresponse. A multivariate set of predictors comprised of epidemiological, diabetes, and depression characteristics were identified. These included extant diabetes complications, sertraline treatment, higher iBDI, younger age, and, in subgroup analyses, higher pain scores.
Our findings affirm reports that more severe diabetes portends poor response to depression treatment (12) . The presence of complications predicted three of four measures of nonresponse and was the only predictor of treatment resistance defined as no decrease in depression symptom severity during treatment. In the present report, baseline A1C (mean ϭ 8.3 Ϯ 2.1%) did not predict depression treatment outcome as it had in a previous study (12) , a finding potentially attributable to greater variance in baseline A1C (mean ϭ 10.3 Ϯ 3.1%) in the previous study. Poor compliance with blood glucose monitoring has been shown to predict nonremission of MDD with cognitive behavior therapy, but unfortunately, it was not measured in the current trial. This study was designed to identify predictors of initial depression treatment response and was not designed to assess the efficacy or effectiveness of specific antidepressants. Nonetheless, treatment (sertraline or bupropion) was one of the variables included in the regression model, and sertraline emerged as a significant predictor of poor outcome. A randomized, controlled trial would be required to truly determine the comparative effectiveness of these medications. More severe depression at trial entry (higher iBDI) predicted failure to achieve partial remission and full remission, a finding reported in some (22), but not all, depression treatment trials (11) . A history of prior episodes or treatment of depression, while predictive of poor outcomes in psychiatric samples (11) , did not predict any of the four treatment outcomes in our study. While reliable methods for determination of MDD have been available for some time, less attention has been paid to measurement of MDD history and duration. Precise calculation of cumulative time spent in MDD may be an important element in the assessment. In a 10-year prospective study of children with type 1 diabetes, Kovacs et al. (23) found that cumulative time spent in depression and in poor glycemic control each independently predicted development of retinopathy.
Age has not been a reliable predictor of depression treatment outcome in psychiatric samples. In diabetic patients, Williams et al. (24) reported that younger patients were more likely to relapse during the maintenance phase of depression treatment. Younger age also predicted poor outcome (nonresponse and nonremission) in the present study. Patients with chronic medical illnesses tend to be older than those typically enrolled in antidepressant trials, and this may help to explain the discrepant findings in the diabetes and psychiatric literatures.
In the subgroup analysis, higher pain scores predicted three of the four measures of poor treatment outcome. Chronic pain is commonly comorbid with depression, and our analysis adds to mounting evidence in nondiabetic samples that pain has a negative impact on depression treatment course (25) . Pain, measured in this study with the SF-36, is a composite score reflecting both severity and functional limitations associated with pain. The presence of pain and functional impairment may help identify those at risk for poor depression treatment outcome.
Our study is subject to the limitations of secondary analyses with combined datasets, and the findings warrant prospective replication. While methodologically similar in most regards (e.g., methods for diagnosing and measuring depression and change in depression severity), the interval covering acute treatment was longer in the sertraline versus bupropion trial (16 vs. 10 weeks, respectively). While this would appear to favor sertraline by allowing subjects more time to respond, rates of response were uniformly lower in sertraline-versus bupropion-treated patients. The extent to which our findings may be generalized to patients with type 1 diabetes is unclear. The aggregate analysis was limited to patients with type 2 diabetes because of the small number and disproportionate distribution of type 1 diabetic patients in the two trials (n ϭ 57, all from the sertraline trial). In exploratory analyses that included both patients with type 1 as well as those with type 2 diabetes (n ϭ 444), the factors that predicted treatment response were unchanged from those found when the analyses were limited to patients with type 2 diabetes. While the study design is desirable from the standpoint of external validity, it cannot apportion response as related to nonspecific versus direct medication effect. Finally, the modest proportion of variance explained by the logistic regression models (6 -15%) underscores the need to study novel predictors and predictive models.
In summary, our results indicate that response to depression treatment in type 2 diabetes is influenced by a multidimensional set of factors. Physical disease markers, initial depression severity, demographic, and other clinical variables are relevant to the course of depression treatment, as is perhaps the choice of antidepressant agent. These predictors may serve as targets for intervention and avenues for further research, steps toward personalized mental health care and improved patient outcomes.
